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HYDROPHILIC FOAM COMPOSITIONS 
HAVING ANTIMICROBIAL PROPERTIES 

[0001] This patent application claims the benefit of U.S. Provisional Patent Application 
No. 60/381,197, filed May 16, 2002 

FIELD OF THE INVENTION 
[0002] The present invention relates to novel foam products and, more particularly, to 
highly absorbent hydrophilic polyurethane foam compositions which have antimicrobial as 
well as liquid release and exchange characteristics. 

BACKGROUND OF THE INVENTION 
[0003] Absorbent pads, such as for use in contact with the skin for absorbing body 
fluids, are well known. Such pads are useful for numerous applications, including for 
example as a diaper, sanitary napkin, bandage, wound dressing or the like. 
[0004] Absorbent pads have been made of a wide variety of materials. For example, 
such pads have been made using graft copolymers, as described in U.S. Pat. No. 4,055,1 84. 
The absorbent pad therein described includes an absorbent mass comprising a solid finely- 
divided mixture of a completely hydrolyzed starch-polyacrylonitrile graft copolymer and a 
non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate, which may be admixed with and distributed in a highly porous web or batt of 
cotton linters, layers of creped tissue or a mass of shredded polyurethane foam particles. 
[0005] Pads in the form of a foam and which have been made from various 
superabsorbent materials are likewise known. For example, U.S. Pat. No. 4,394,930 
discloses an absorbent foam product prepared by mixing together a solid, particulate, water- 
insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or 
"superabsorbents" which are lightly cross-linked polymers containing a plurality of 
hydrophilic groups, such as carboxyl, carboxamide, sulfonate salt or hydroxyl groups, a 
blowing agent, and a liquid polyhydroxy organic compound and allowing the mixture to 
foam. 

[0006] Polyurethane foams, treated and/or prepared in a manner so as to render them 
hydrophilic are also known. For example, U.S. Pat. No. 3,586,648 discloses a hydrophilic 
polyurethane foam prepared by the so-called "one-shot" technique and is stated to include a 
carboxymethyl cellulose or a carboxymethyl cellulose salt. 

[0007] U.S. Pat. No. 4,497,914 discloses an ostomy gasket composition derived from 
the non-aqueous reaction of a polyisocyanate and a polyoxyalkylene polyol. A hydrophilic 



WO 03/097727 



2 



PCT/US03/15694 



filler, such as hydroxyethylcellulose, hydroxypropylcellulose or mixtures thereof, are 
incorporated into the polyol phase prior to reaction. 

[0008] Hydrophilic cross-linked polyurethane foams are disclosed in U.S. Pat. No. 
3,903,232. Such foams are prepared by reacting particular isocyanate-capped 
polyoxyethylene polyols having an isocyanate functionality greater than two with large 
amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body 
usage, such as is necessary in dental and medical applications, and as intimate absorptive 
products such as diapers, sanitary napkins, catamenial devices and the like. 
[0009] Other adsorbent pads using hydrophilic foam include U.S. Pat. No. 3,961,629, 
which discloses a hydrophilic polyurethane foam in which the foam pores have a surfactant 
coating to accelerate absorption of body fluids into the pores at medically acceptable rates. 
The foam is rendered hydrophilic by coating the pore walls with a thin layer of a surfactant. 
Hygroscopic agents such as glycerin as well as other agents, such as germicidal and 
therapeutic agents, may be incorporated into the foam. 

[0010] U.S. Pat. No. 4,664,662 discloses an absorbent wound dressing which comprises 
an absorbent foam material retained in a water permeable, porous bag. The absorbent foam 
is preferably a hydrophilic polyurethane foam which can be made from HYPOL isocyamte- 
capped polyether prepolymer marketed by W. R. Grace and Co. and non-ionic surfactants. 
Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be 
incorporated into the wound dressing. 

[0011] Hydrophilic polyurethane foam compositions are also disclosed in U.S. Pat. No. 
4,339,550. The hydrophilic foam composition is prepared by the "in situ" reaction of an 
isocyanate-capped polyether prepolymer having a functionality of from about 2 to about 8, 
water, and a chemically compatible, essentially non-polar, volatile organic compound. The 
foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in 
controlling the rate of release of the volatile ingredients include polyols, such as propylene 
glycol and glycerin, and materials classified as gums. 

[0012] Hydrophilic polyurethane foam compositions and methods for their preparation 
are also disclosed in U.S. Patents 5,916,928, 5,254,301, 5,065,752, and 5,064,653, each of 
which is incorporated by reference. 

[0013] Despite the wide variety of known absorbent pads and polyurethane foam 
compositions there still remains a need for a highly absorbent hydrophilic polyurethane 
foam composition which inhibits microbial growth at the wound situs, and which is further 
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capable of both absorbing an external liquid and releasing an adjuvant carried by the foam 
composition in the presence of the external liquid. 

[0014] The present invention meets the foregoing and other needs by providing an 
open-celled, flexible polyurethane foam composition that is hydrophilic, highly absorbent 
and which inhibits microbial growth. The composition may desirably include an adjuvant 
that is capable of being released from the foam in the presence of an external liquid, the 
liquid being preferentially absorbed by the foam composition. A more detailed object of the 
present invention is to provide a foam composition which is capable of releasing an 
adjuvant to a designated situs and which is capable of absorbing external liquids from that 
situs. A related object is to provide such a polyurethane foam composition which will 
tightly hold the external fluid once it is absorbed. 

BRIEF SUMMARY OF THE INVENTION 
[0015] The present invention is predicated on the discovery of a highly absorbent 
hydrophilic open-celled polyurethane foam composition that inhibits microbial growth, 
desirably within the foam composition as well as at the wound situs. This inhibition is 
obtained by the incorporation of a silver-containing metal (or alloys thereof) as particulates 
that are substantially uniformly dispersed throughout the foam composition. 
[0016] The composition may desirably include an adjuvant and is capable of releasing 
at least a portion of the adjuvant while preferentially absorbing external liquid upon 
exposure of the foam composition to the external liquid, can be made by incorporating a 
hydrophilic agent and a releasably carried adjuvant in the foam composition. Incorporation 
of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting 
agent. 

[0017] Thus, in one aspect, the present invention provides a hydrophilic polyurethane 
foam composition comprising the in situ reaction product of an isocyanate-capped polyether 
prepolymer, a hydrophilic agent capable of absorbing water, an adjuvant comprising a mono 
or polyhydric alcohol, a wetting agent for enhancing the wettability of the foam 
composition, and water. The hydrophilic foam is capable of exchanging an external fluid 
and tightly carrying the external fluid in preference to at least a portion of the adjuvant so 
that upon exposure of the hydrophilic foam composition to an external fluid, such as, for 
example, to the exudate of a wound, the composition will absorb the external fluid and 
tightly carry it in preference to at least a portion of the adjuvant so that at least a portion of 
the adjuvant is released from the foam. 

[0018] In another aspect, the present invention provides a novel wound dressing which 
incorporates the novel hydrophilic polyurethane foam. In yet another aspect, the present 



WO 03/097727 



4 



PCT/US03/15694 



invention provides a method of treating a wound which includes applying to the wound the 
novel hydrophilic foam composition disclosed herein or a wound dressing made therefrom. 
In still other aspects of the invention, composites which include the hydrophilic foam 
composition described herein and a method for making such composites are provided. 
[0019] While the invention will be described in connection with the preferred 
embodiments, it will be understood that the invention is not intended to be so limited. On 
the contrary, it is intended to cover all alternatives, modifications and equivalents as may be 
included within the spirit and scope of the invention as defined by the appended claims. As 
an example, while the present invention will be described herein in relation to the use of the 
highly absorbent hydrophilic foam composition as a wound dressing, it should be 
appreciated that the foam composition of this invention is likewise useful in other 
applications where it is desired to releasably carry an adjuvant to a situs for subsequent 
application and to absorb an external liquid, such as water, from the situs of application. 
Such uses include, for example, cosmetic applications. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0020] In accordance with the present invention there is provided a highly absorbent 
hydrophilic polyurethane foam composition which includes silver particles and, optionally, 
a releasably-carried adjuvant which is capable of being released from the composition in the 
presence of an external liquid. The foam composition of an aspect of this invention is the in 
situ reaction product of a reactant composition comprising an isocyanate-capped polyether 
prepolymer, silver particles, a hydrophilic agent, , water and, optionally, an adjuvant and a 
surfactant or wetting agent. 

[0021] In keeping with the invention, the hydrophilic foam composition, when applied 
to a moisture-laden surface will preferentially absorb moisture from that surface while 
releasing the adjuvant carried by the composition. The hydrophilic polyurethane foam 
composition of the present invention is particularly useful as the absorbent pad of an 
occlusive or semi-occlusive wound dressing, commonly applied to injuries such as 
abrasions, incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in 
bleeding cessation and in protecting the wound from contamination. 
[0022] When applied to a wound, the foam composition of the present invention will 
absorb and retain a high volume of aqueous fluid, i.e., wound exudate, and will release any 
adjuvant present therein to the wound situs. By proper selection of the adjuvant and, 
optionally, additives such as therapeutic agents, medicaments and the like incorporated into 
the foam (which additives may be releasably carried), a wound dressing which incorporates 
the foam composition of the present invention may be prepared. This dressing is 
advantageously capable of providing: enhanced hemostatic and chemical debridement 
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characteristics; transdermal, bacteriostatic activity enhanced by, it is believed, the 
deposition of silver ions; as well as emollifying, demulcifying and wound cleansing 
characteristics. 

[0023] Once affixed to the skin surface, the foam composition absorbs exudate moisture 
from the wound. In absorbing the exudate moisture, the foam swells to conform to the 
wound contour so as to become thermally insulative to the surface of application, while at 
the same time holding moisture against the surface in order to keep that surface moist. The 
foam composition will then assist in maintaining a warm, moist and sealed wound with 
appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing 
which includes Hie foam composition of the present invention does not adhere to the wound 
and thus does not cause reinjury upon its removal from the wound. This is believed to be 
due to the liquid exchange and the maintenance of a moist environment about the wound. 
[0024] The hydrophilic polyurethane foam compositions of the present invention are 
prepared using an isocyanate-capped poly ether prepolymer. Generally, these prepolymers 
must be safe for use in the human body, and are preferably capable of foaming in an 
aqueous system in the absence of a catalyst. On the other hand, such prepolymers should 
not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of 
external fluids and carriage of the chosen adjuvant in the foam composition. The formation 
of a cellular foam matrix is preferred due to a large volume available not only for absorption 
but the containment of the chosen adjuvant. It is further desirable that the prepolymers are 
capable of curing in the presence of water, in the absence of catalyst, and at ambient 
temperature. 

[0025] Isocyanate-capped polyether prepolymers such as those disclosed in U.S. Pat. 
Nos. 3,903,232 and U.S. Pat. No. 4,1 37,200 are suitable for use in the present invention. 
These prepolymers have a defined average isocyanate functionality greater than 2. These 
prepolymers may be capped with aromatic isocyanates, such as, for example, toluene 
diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped polyether prepolymers which have been found 
suitable for use in the practice of the present invention include prepolymers sold under the 
trademark HYPOL. Examples include HYPOL FHP 2000, HYPOL FHP 2002, HYPOL 
FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 and HYPOL hydrogel. 
[0026] HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from 
toluene diisocyanate. FHP 2000 and FHP 2002 both have an equivalent weight (per NCO) 
of 625, an NCO content of 1 .60 meq/g and a specific gravity of 1 . 1 9. The viscosity of FHP 
2000 is 1 8,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25°C) and that of FHP 2002 is 
20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 



WO 03/097727 



6 



PCT/US03/15694 



meq/g, a specific gravity of 1.15 and a viscosity (measured as described above) of 10,500. 
HYPOL hydrogel is likewise derived from toluene diisocyanate. It has anNCO content of 
0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 cps at 25°C. 

[0027] Another example of an isocyanate-capped prepolymer suitable for use in the 
present invention and derived from toluene diisocyanate is AQUAPOL prepolymer, 
commercially available from Freeman Chemical Corporation. AQUAPOL prepolymers 
have anNCO-value of 2.5 to 3.0 and are formed from the reaction of toluene diisocyanate 
and an organic polyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. Pat. No. 4,517,326. 
[0028] A further example of an isocyanate-capped prepolymer suitable for use in the 
present invention and which is derived from toluene diisocyanate is sold under the 
trademark TREPOL, and is commercially available from Twin Rivers Engineering. 
TREPOL prepolymers have an-NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90°C of 4,700 cps. 

[0029] The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from 
methylene diisocyanate. FHP 4000 has an equivalent weight (per NCO) of 476, an NCO 
content of 2.10 meq/g, a Brookfield viscosity (LVF, #4 Spindle, 12 r.p.m. at 25°C) of 
20,000 and specific gravity of 1 .17. FHP 5000 has an equivalent weight (per NCO) of 392, 
an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 
1 8,000 and a specific gravity of 1 . 17. 

[0030] An example of an isocyanate-capped prepolymer suitable for use in the present 
invention and derived from isophorone diisocyanate is HYPOL X6100. It has an -NCO 
content of 1.8 meq/grams and a viscosity at 25°C of 12,000 cps. 
[0031] The amount of prepolymer in the reactant composition used to prepare the 
hydrophilic foam composition is not particularly critical, but depends on a number of 
factors, including the proportion of other components in the reactant composition as will be 
described in greater detail hereinafter. However, there should be sufficient prepolymer to 
form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such 
that the reactant composition does not degrade or break up into its separate constituents. 
Furthermore, while there should be sufficient prepolymer to provide integrity to the foam 
matrix, there should not be so much prepolymer that the resulting polyurethane composition 
becomes unworkable. In short, and particularly M'here the final composition is to be applied 
to the skin, the resulting foam composition is desirably relatively smooth and soft while 
exhibiting the desired absorbence characteristics so that it does not irritate or otherwise 
harm the skin. 



WO 03/097727 



7 



PCT/US03/15694 



[0032] The concentration of prepolymer further depends on its isocyanate functionality 
and the degree of crosslinking desired in the final foam composition. In general, the greater 
the isocyanate functionality, the greater the degree of cross-linking in the cured foam 
matrix. Typically, the reactant composition will comprise from about 20% to about 60% by 
weight prepolymer. Preferably the reactant composition will comprise from about 45% to 
about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used 
alone or in combination. 

[0033] The reactant composition further includes a hydrophilic agent which is 
incorporated into the foam composition to absorb external liquid, such as wound exudate, 
and to retain such liquid in the composition. When applied to a wound, the hydrophilic 
agent is believed to work in conjunction with the foam matrix to hold moisture at the 
surface of the wound. Tins allows healing agents exuded by the wound to be concentrated 
and held at the wound surface. At the same time, the hydrophilic agent incorporated into 
the composition is believed to absorb fluid from the wound to assist thickening of the blood, 
i.e., it serves as a hemostat. The absorption of exudate by the hydrophilic agent, and the 
subsequent swelling of the agent results in the removal of inflammatory exudates and 
particles that would otherwise hinder tissue repair or cause eschar formation. Necrotic 
debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 
stimulated. 

[0034] The hydrophilic agent is preferably a highly absorbent polymer, commonly 
known as a superabsorbent polymer. One measure of polymer absorbency is its fluid uptake 
capability, well known by those skilled in the art. Hydrophilic agents suitable for use in the 
present invention include polymers that are capable of absorbing at least 50 times their 
weight of water, that is, such agents have a fluid uptake of at least 50 ml/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even 
higher, that is, at least about 150 ml/g are preferred. Suitable superabsorbent polymers 
include sodium and aluminum salts of starch grafted copolymers of acrylates and 
acrylamides and combinations thereof, as well as polyacrylate salts. Of course, other 
absorbent materials may be used in combination with such highly absorbent polymers, 
provided the fluid uptake of the overall combination used for the hydrophilic agent is 
greater than 50 ml/g. When such agents are employed, either alone or in combination, the 
resulting foam composition desirably has the ability to hold at least about 3 times its weight 
in liquid. In the preferred embodiment, the resulting foam composition will have the ability 
to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or 
"tightly bound" liquid means the relative amount of liquid retained by the sample after 
compression, as described in detail hereinafter. 
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[0035] Hydrophilic polymers which have been found suitable for use in the foam 
composition of this invention are commercially available from Grain Processing 
Corporation. These polymers include a starch-g-poly(2-propenamide-co-2-propenoic acid, 
mixed sodium and aluminum salt) sold under the trademark WATER LOCK A-222; a 
starch-graft copolymer of polyacrylic acid and polyacrylamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark 
WATER LOCK A-100; a starch g-poly(2-propenamide-co-2-propenoic acid, sodium salt), 
sold under the trademark WATER LOCK A-200. Superabsorbent polymers commercially 
available from Grain Processing Corporation under the trademark WATER LOCK D-212 
and WATER LOCK D-242 are likewise suitable. These polymers have the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G- 
400 is also suitable for use in the making of the hydrophilic foam composition of the present 
invention. This superabsorbent polymer may be chemically identified as a poly(2- 
propenamide-co-2-propenoic acid, sodium salt). Other super absorbent powders suitable for 
use in the present invention are sold by Grain Processing Corporation under the trademark 
WATER LOCK B, C,andH. 

[0036] Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, 
sodium salt, sold under the trademark AQUA KEEP J-500 supplied by Sanyo Corp. In 
addition, super absorbent polymers sold by Arakawa Chemical (USA) Inc. under the 
trademark ARASORB are suitable. The preferred hydrophilic polymers are WATER LOCK 
A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers maybe used 
alone, or in combination to achieve the desired absorptivity characteristics in the foam 
composition. 

[0037] The hydrophilic agent may comprise additives in addition to the superabsorbent 
polymers, provided, as discussed above, the additives do not reduce the fluid uptake of the 
hydrophilic agent to below about 50 ml water per gram of hydrophilic agent and the fluid 
uptake of the final foam composition is not less than about 3 times its weight. Examples of 
such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, agar, acacia 
powder, carrageenan, gelatin and combinations thereof. 

[0038] The amount of hydrophilic agent used and the type of it, in terms of its fluid 
uptake, that may be satisfactorily used to make the foam composition is not critical, but is, 
instead, dependent on the intended application of the composition. Stated another way, the 
greater the quantity of external liquid to be absorbed, e.g., the greater the amount of wound 
exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid 
uptake of the hydrophilic agent used, should be. For example, for an ulcerated wound where 
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there is a high volume of wound exudate, a hydrophilic agent with high uptake is desirable. 
In addition, it may well be determined that the amount of hydrophilic agent may need to be 
increased. On the other hand, where the foam is to be applied to a small cut or light burn it 
may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower fluid 
uptake. Determination of the type and amount of hydrophilic agent used is well within the 
ability of one skilled in the art in light of the disclosure herein. 

[0039] The amount of hydrophilic agent should not be so great as to undesirably reduce 
the strength of the foam composition or result in a loss of polymer from the foam, although 
some loss of hydrophilic agent may be tolerated without adversely affecting the ability of 
the foam to absorb external liquid. The amount of hydrophilic agent employed in the 
reactant composition will also depend on the absorbency of the material used. As previously 
indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that 
the resulting foam composition is capable of absorbing at least about 3 times its weight in 
external liquid. Typically this can be achieved by including from about 5 wt. % to about 20 
wt. % hydrophilic agent in the reactant composition. 

[0040] The foam composition of the present invention further includes silver metal. 
The silver metal component may be in any number of forms, such as elemental silver or 
silver alloys, but is preferably provided as elemental silver. The silver metal is also 
preferably provided at a high level of purity, e.g., at least about 95 percent, and preferably at 
least about 98 percent pure, and may include silver oxide. The silver suitable for use in the 
present invention should be distinguished from silver salts, such as silver nitrate. 
[0041] The silver metal in the present invention is desirably present as a particulate, in 
one or more forms. For example, the silver particulates may be provided as microparticles, 
nanoparticles, as a colloid, or in other forms. The silver is desirably provided as a powder, 
preferably as microparticles, and more preferably as nanoparticles. Providing the silver in 
the aforementioned powdery form is believed to provide at least the following benefits. The 
powder may be readily added to the foam-forming composition in effective amounts 
without unduly affecting formation of foam having the characteristics described herein, 
particularly when provided as nanoparticles. In this form, undesired agglomeration of the 
silver particles is minimized. Moreover, the silver powder will not inhibit the absorption of 
wound exudate into the composition, as contrasted with a surface layer of such material 
which would likely inhibit such absorption. A related benefit is that particulate silver is not 
expected to disturb the release from the foam of any adjuvant that may be present therein, 
nor adversely affect the liquid-carrying capacity of the foam, as described more fully herein. 
[0042] Further, particulate silver provides an expansive surface area relative to a 
providing silver in the form of a layer resident on the outer surface of a dressing. This 
relatively expansive surface area is believed to be significant when one considers the 
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absorption and release properties of the foam composition. More specifically, it is believed 
that the silver metal will provide antimicrobial properties upon ionization of the metal. A 
greater concentration of ionized silver should be made available when particulate silver is 
used, the latter providing a relatively greater surface area per unit weight from which ions 
may be generated relative to a surface layer of a silver-containing compound such as silver 
nitrate. In addition, it is believed that the optional incorporation of a releasably carried 
adjuvant may assist in the distribution of silver ions into the wound. In particular, it is 
contemplated that the adjuvant, as it is released over time, may assist in delivering the silver 
ions to the wound surface by carrying them out of the foam composition and into the 
exudate layer adjacent the wound surface, facilitating the antimicrobial characteristics of the 
foam composition. 

[0043] While particles of any size may be used, the silver particles desirably range in 
size up to about 15,000 nanometers, more desirably from about 1 to about 100 nm, 
preferably from about 5 to 40 nm, and most preferably from about 5 to about 25 nm. The 
amount of silver incorporated into the foam composition may also vary, but will generally 
range from about 0.0001 wt.% to about 5 wt.%, and desirably up to about 20 wt.%, more 
desirably from about 0.0001 wt.% to about 1 wt.%, or preferably up to about 0.5 wt.%, and 
more preferably from about 0.01 wt.% to about 3 wt.%, based on the weight of the finished 
foam.Other antimicrobials may be included in the inventive composition. Illustrative of 
these are pure metals, alloys, oxides, and other compounds of gold, copper, silver and 
platinum, as well as halide compounds, phenol compounds and quaternary ammonium 
compounds. 

[0044] The reactant composition of this invention may further include an adjuvant; 
preferably, a water-soluble adjuvant. The adjuvant is releasably carried by the resulting 
foam composition for subsequent release to a chosen situs of application. Release of the 
adjuvant occurs in the presence of an external liquid, such as wound exudate, which is 
preferentially absorbed by the foam composition. Absorption of the external liquid causes at 
least a portion of the adjuvant to be released. 

[0045] It will be appreciated by those skilled in the art that not all of the liquid adjuvant 
is necessarily released (or need it be) in the presence of the external fluid. However, a 
sufficient amount of adjuvant must be released in order to achieve the desired result. To that 
end, it will be appreciated that the efficacy of the adjuvant is realized upon its release from 
the foam composition to the situs of application. In the case of a wound dressing, the situs is 
the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial treatment 
to the wound. 

[0046] Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. 
It extends the curing time of the composition thereby allowing it to be more thoroughly 



WO 03/097727 



11 



PCT/US03/15694 



mixed and formed. Once cured, the foam composition is softened by the adjuvant, allowing 
the foam to be more pliable and more easily applied to the skin surface or other surface of 
choice. Additionally, the adjuvant may be somewhat hygroscopic lending further to the 
hydrophilic nature of the foam composition. 

[0047] Adjuvants suitable for use in the foam composition of the present invention are 
mono, di and polyhydric alcohols. Preferably the adjuvants are water soluble so that they 
may be readily released from the composition upon contact of the foam composition with an 
external liquid. For wound dressing applications, it is also desirable that the adjuvant be 
capable of contacting skin without adverse side effects. To that end, it is also preferable that 
the adjuvant comprise a chemical compound that will have the ability to open the skin pores 
to achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient 
effect to soften the skin and prevent maceration. It is also preferred that the adjuvant be 
compatible with therapeutic or other agents which may be carried by the adjuvant for 
subsequent delivery to the situs of application. Suitable adjuvants include water soluble 
alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, 
polyethylene glycol and polypropylene glycol. Exemplary of suitable polyhydric alcohols 
are glycerin, 1,2,4-butanetriol, trimethylolpropane, pentaeiythritol and sorbitol. In general, 
the molecular weight of the alcohols should be less than about 1 000. Mixtures of alcohols 
can likewise be used. 

[0048] Glycerin is the preferred adjuvant because it has the attributes of a medicament, 
cosmetic or therapeutic agent. When glycerin is used and the hydrophilic agent is starch- 
based, it is believed that glycerin coats the hydrophilic agent to form a starch glycerite. 
When fluid is absorbed by the foam, glycerin is released, thereby allowing the hydrophilic 
agent to swell as it absorbs fluid from the wound and causing the foam to conform to the 
wound contour. 

[0049] Various additional medicaments, cosmetics and therapeutic agents may be 
carried with the adjuvant and released with it to the desired situs. This release thus allows 
the transmission of such therapeutic or other agents carried in the adjuvant to the area of 
application outside the foam composition, further assisting in the beneficial treatment of the 
wound. 

[0050] Illustrative of therapeutic agents which may be incorporated into the foam 
composition are Collasol 2400, Crotein SPA, Cromoist HYA, Crotein CAA and 
hydrocortisone acetate. Illustrative of cosmetic agents which may be incorporated into the 
foam composition are European Collagen Complex, Capture Complex Liposomes, Sardo® 
bath oil, a hand lotion sold under the trademark Jergens®., Noxema® skin cream, Oil of 
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Olay® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin- 
A® cream. 

[0051] The amount of adjuvant included in the reactant composition should preferably 
be sufficient to impart softness and pliability to the foam composition and be capable of 
delivering a therapeutic agent or the like, if included, to the environment of application. 
However, the volume of adjuvant should not be so great as to weaken or gel the 
composition. Generally, it has been found that the amount of adjuvant in the reactant 
composition should be from about 5 wt. % to about 30 wt. % of the reactant composition. 
[0052] A wetting agent is included in the reactant composition to provide more uniform 
wettability of the resulting foam. The wetting agent also aids in controlling the cell size of 
the foam and in the reticulation of the final foam. Wetting agents suitable for use include 
non-ionic surfactants. Examples of materials that may be used as the wetting agent, either 
alone or in admixture, include block copolymers of ethylene oxide and propylene oxide sold 
under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan 
fatty acid esters, glycerol esters, polyglycerol esters, and silicone fluids. PLURONIC F-68 
and L-62 are preferred. As is known, PLURONIC F-68 aids in wound cleansing without 
causing tissue damage. The use of PLURONIC F-68 is especially preferred because of its 
cleansing action, particularly because a portion of the surfactant may be released when the 
foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 
agent should be from about 1% to about 10% by weight of the reactant composition, 
preferably from about 5% to about 7% by weight. 

[0053] The wetting agent should not react with the foam composition or any component 
of the foam formulation to create difficulties during foam formation or to adversely affect 
the desired characteristics of the foam composition in use or while being stored. 
[0054] It should be appreciated that the source of the water required for the foaming 
reaction is not critical. The water so required may be provided as a separate component of 
the reactant composition, or, for example, it may be provided by one of the other 
components of the reactant composition. By way of illustration, and not in limitation, the 
required water may be provided with an aqueous-based cosmetic which may be 
incorporated into the foam composition. 

[0055] The type of water used is likewise not critical. However, for medical 
applications, purified water such as deionized or distilled water may be used. Saline 
solutions may also be used satisfactorily. 

[0056] It will be appreciated that the relative proportion of prepolymer, adjuvant and 
hydrophilic agent included in the reactant composition can be varied over wide ranges in 
order to prepare a hydrophilic foam composition having the desired release and exchange 
characteristics previously described, while likewise providing a foam composition that is 
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aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 
general, for use as a wound dressing, it is preferable that the foam composition be soft and 
generally smooth to the touch so that it does not irritate the skin. These characteristics may 
be achieved by properly balancing the relative proportion of adjuvant, prepolymer 
hydrophilic agent wetting agent and water. 

[0057] By way of illustration, it has been found that if excess glycerin is used in the 
reactant composition the resulting foam composition has an extended cure time with 
decreased ability to tightly hold external liquid and it may have an oily or spongy 
nonuniform surface. On the other hand, if insufficient glycerin is included in the reactant 
composition, the resulting foam composition has been found to be less uniform, has 
relatively poor flow and porosity characteristics, has relatively poor dimensional stability, 
and absorbs liquid at a slower rate. 

[0058] Similarly, if the relative proportion of prepolymer to hydrophilic agent is too 
high or too low, the resulting product will not be satisfactory. The amount of hydrophilic 
agent must be sufficient to absorb the external liquid and to promote the release of the 
adjuvant. If the amount of hydrophilic agent is too low, there is insufficient absorption of 
external liquid. On the other hand, if the amount of hydrophilic agent is too high, then the 
viscosity of the reactant composition will be too high for appropriate mixing. 
[0059] In general, in order for the foam composition to have the desired liquid release 
and exchange characteristics and to provide a foam composition that is soft to the touch and 
not oily, the weight ratio of prepolymer to hydrophilic agent will desirably be in the range 
of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant will desirably be 
in the range of from about 20:2 to about 20:30. 

[0060] It will likewise be appreciated that the wetting agent employed and the amount 
thereof used may affect the characteristics of the resulting foam composition. It is generally 
desired that the wetting agent be used in an amount such that the foam is substantially 
uniform and readily wettable. 

[0061] To effect foaming and the preparation of the hydrophilic polyurethane foam 
composition of the present invention it is preferred to prepare and mix an organic phase and 
an aqueous phase. The organic phase comprises the isocyanate-capped prepolymer and 
optionally, but preferably, the hydrophilic agent. The aqueous phase comprises the adjuvant, 
wetting agent, optionally the hydrophilic agent if it is not included in the organic phase, and 
other desired additives, such as, for example, dyes or the like to color the resulting foam. If 
a medicament, cosmetic or therapeutic agent is included in the reactant composition it will 
preferably be included in the aqueous phase. To prepare the foam, the organic phase and 
aqueous phase are simply mixed at room temperature, the resulting mixture is then cast or 
extruded, and the foam will form. 
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[0062] To prepare the foam for subsequent use in a wound dressing or the like the 
following process may be used. A suitable substrate, such as a plastic (e.g. in the form of a 
sheet, laminate or fibrous mat), paper, foil, or the like is provided. This substrate is 
preferably selected so as to be air- and water-impermeable. This assists in maintaining a 
sterile environment adjacent the wound situs. The substrate may then be coated with a 
medically acceptable adhesive. Such adhesives are generally well known to those skilled in 
the art. The reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The 
resulting composite which comprises the substrate, adhesive, and foam may be die cut and 
later used itself, or it may be used as part of an occlusive or semi-occlusive wound dressing. 
Preferably, however, the process as set forth in U.S. Patent 5,254,301 may be utilized. The 
resulting foam is desirably an open-celled foam, more desirably having a variety of cell 
sizes throughout the foam, the average cell diameter preferably ranging from about 0.005 to 
about 0.020 inches. 

[0063] The following examples will aid in demonstrating aspects of the present 
invention. 

[0064] In all of the examples which follow a hydrophilic polyurethane foam 
composition was formulated by separately preparing an aqueous phase and an organic phase 
then mixing both phases at room temperature, and casting the mixture onto a film substrate. 
[0065] The aqueous phase was prepared by dissolving the alcohol, wetting agent and 
colorant in distilled water using a laboratory grade magnetic stirrer. It should be noted that 
some surfactants (especially the paste types) required heating to 150°F before dissolution or 
even dispersion was possible. All other mixing was done at ambient temperature. When 
Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm on the 
stirrer to complete dissolution. 

[0066] The organic phase was prepared by mixing the isocyanate-capped prepolymer 
and hydrophilic agent for about 5 to 10 seconds in a plastic vessel using an electric drill 
with a paint mixer blade. 

[0067] The silver component may be added and mixed into either phase, with addition 
to the aqueous phase being preferred. The silver is desirably pre-blended with the dry 
materials (e.g., hydrophilic agent), or added to one or both of the phases, prior to the mating 
of the two phases, as described below. Alternatively, the silver component may be added 
during the mixing of the first and second phases, e.g., as the reactants are being mixed in 
either a batch or static mixer. The methods desirably result in the silver being substantially 
uniformly distributed throughout the final foam material. 

[0068] To prepare the foam composition, the aqueous phase was poured into the organic 
phase contained in a suitable mixing vessel. The two phases were then mixed using a drill 
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with the paint mixer for about 15 to about 50 seconds at about 1200 rpm of the drill. Mixing 
time may be varied for different formulations, but generally mixing time was about 25 
seconds. 

[0069] The resulting mixture was evenly poured as a bead down a paper substrate 
coated with a medical grade adhesive, and covered with the silicone treated side of a 5 mil 
polystyrene sheet. The paper substrate was about four inches wide and bordered by 0.025 
inch plastic strips to contain the mixture during compression. The bead was compressed and 
spread using a 30 pound steel cylinder. The mixture was rolled at the rate of two inches per 
second first at 90 seconds after the two phases are combined and then after 120 seconds 
after combination. The foam was allowed to set for approximately seven minutes, then the 
cover sheet was removed. 

[0070] The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch 
and varied in density from about 10 to about 20 lbs/ft 3 . 



DEFINITIONS 

[0071] As used in the Examples appearing below, the following designations, symbols, 
terms and abbreviations have the indicated meanings: 
[0072] I. Prepolymers: 

[0073] Prepolymer A denotes an isocyanate-capped 

polyoxyethylene polyol 

polyurethane prepolymer derived 

from toluene diisocyanate having 

an equivalent weight (per-NCO 

group) of 625, an NCO content of 

1.6 meq/gram, a functionality 

(-NCO/mole) of 2.3 and a 

viscosity at 25°C of 20,000 

cps. (HYPOL 2002) 
[0074] Prepolymer B denotes an isocyanate-capped 

polyoxyethylene polyol 

polyurethane prepolymer derived 

from toluene diisocyanate having 

an NCO content of 0.5-0.9 meq/g. 

and a viscosity at 25°C of 10,000 

to 12,000 cps. (HYPOL HYDROGEL) 
[0075] Prepolymer C denotes an isocyanate-capped 

polyoxyethylene polyol 
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[0076] Prepolymer D 



[0077] Prepolymer E 



[0078] Prepolymer F 



[0079] Prepolymer G 



polyurethane prepolymer derived 
from isophorone diisocyanate 
having an NCO content of 1 .8 
meq/gram and a viscosity at 25 °C 
of 12,000 cps. (HYPOL X6100) 
denotes an isocyanate-capped 
polyoxyethylene polyol 
polyurethane prepolymer derived 
from toluene diisocyanate having 
an --NCO content of 1 .4 meq/gram 
and a viscosity at 90°C of 4,700 
cps. (TREPOL) 
denotes an isocyanate-capped 
polyoxyethylene polyol 
polyurethane prepolymer derived 
from methylenediphenyl 
diisocyanate having an NCO 
content of 2.55 meq/g, an 
equivalent weight (per-NCO group) 
of 392 and a viscosity at 25°C of 
18,000 cps. (HYPOL FHP 5000) 
denotes an isocyanate-capped 
polyoxyethylene polyol 
polyurethane prepolymer derived 
from methylenediphenyl 
diisocyanate having an equivalent 
weight (per-NCO group) of 476, an 
-NCO content of 2.10 meq/g and a 
viscosity at 25°C of 20,000 
cps. (HYPOL FHP 4000) 
denotes a diisocyanate prepolymer 
derived from toluene diisocyanate 
sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical 
Corporation. 



[0080] II. Hydrophilic agents: 
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[0082] 



[0081] 



[0083] 



A 



B 



C 



denotes a starch-g-poly(2-propenamide-co-2- 
propenoic acid, mixed sodium and aluminum 
salt) sold under the trademark WATER LOCK 
superabsorbent polymer A-222. 
denotes a starch-g-poly(2-propenamide-co-2- 
propenoic acid, sodium salt) sold under the 
trademark WATER LOCK superabsorbent 
polymer A-200. 

denotes a starch-g-poly(2-propenamide-co-2- 
propenoic acid, sodium salt) sold under the 
trademark WATER LOCK superabsorbent 
polymer A- 100. 



[0084] D denotes a polymer consisting of 2-propenoic 

acid, sodium salt sold under the trademark 

WATER LOCK superabsorbent polymer J-500. 
[0085] E denotes an absorbent polymer sold under the 

trademark ARASORB. 
[0086] F denotes a polyacrylic acid, sodium salt sold 

under the trademark AQUA KEEP J-500. 

[0087] III. Absorption and Extraction Test: 

[0088] Each of the foams of Examples 1-57 was tested to determine the release 
characteristics of the foam, especially the adjuvant, and to determine the ability of the foam 
to absorb external liquid. The foams were immersed in one or more of the following: 
water, a normal saline solution, a 0.03% HC1 solution and/or a 0.05% NaOH solution. The 
pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. Silver may be 
incorporated into one or more of these foams, in accordance with the present invention 
herein described, to provide illustrative embodiments of the present invention. 
[0089] The liquid held by the sample is reported as retained liquid. Retained liquid is 
the unit weight of liquid per unit weight of foam. It is determined by the formula: 

Retained Liquid = (Wt. of foam (Weight of 



Sample Absorbed Liquid) 



Foam Sample) 



Weight of Foam Sample 
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[0090] Tightly held liquid is a measure of the relative amount of liquid retained by the 
sample after compression. It is determined by rolling an 8 pound roller over the sample ten 
times, and then, using the retained liquid formula to calculate the relative proportion of 
liquid that was not squeezed out of the composition. 

[0091] To determine whether the adjuvant is efficiently released from the foam, the % 
extractables is measured in deionized water, normal saline, 0.03%HC1 and/or 0.05%NaOH 
solutions. The percent extractable material is determined under static conditions at room 
temperature. In addition, the dehydrated extracted residues were visually examined for the 
adjuvant. In general, it was found that from about 90 to 95% of the adjuvant is released 
from the foam In general, when deionized water was used, the pH of the extract was 7.0. 
+/- 1.0 pH units. 

[0092] The absorption rate was determined for the foam compositions. The absorption 

rate is the time, in seconds, for 0.1 g of fluid to be absorbed by the foam composition. The 

fluid used was either deionized water, distilled water or normal saline. An absorption rate of 

less than 10 is satisfactory, and a rate of less than 5 is preferred. 

[0093] The data for these studies is set forth in Tables immediately following the 

Examples. 

[0094] Unless otherwise noted, for the compositions set forth in the Tables hereinafter 
all parts are in part by weight. 

EXAMPLES 1-8 

[0095] These Examples illustrate reactant compositions used to make hydrophilic foams 
of the present invention. Examples 1 -8 illustrate variations in the amount of water and in the 
wetting agent used in the reactant composition. Example 8 illustrates the wide range of the 
ratio of prepolymer to hydrophilic agent and prepolymer to adjuvant that can be employed 
in making the foam composition of this invention. The reactant compositions are set forth in 
Table I below. 

[0096] The retained liquid, tightly held liquid, extractable materials and absorption rate 
for the foam compositions of Examples 1 through 8 are set forth in Table II. 
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[0097] As can be seen by the data in Tables I and II, all of the foams were satisfactory according 
to the desired physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 

EXAMPLES 9-18 

[0098] These Examples illustrate reactant compositions suitable for preparing hydrophilic foam 
compositions of the present invention wherein various adjuvants and combinations of adjuvants are 
used. The reactant compositions are set forth in Table III. 

[0099] The retained liquid, tightly held liquid, extractable materials and absorption rate for the 
foam compositions of Examples 9 through 18 are set forth in Table IV. 
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[00100] The foams of Examples 9-12, 17 and 18 were acceptable. However, the 
foams of Examples 13 and 15 exhibited gross porosity, while the foams of Examples 14 and 
16 had excessively high absorption rates, and were thus more hydrophobic. 

EXAMPLES 19-26 

[00101] These Examples illustrate reactant compositions suitable for preparing 
hydrophilic foam compositions of the present invention wherein various prepolymers and 
mixtures of prepolymers are used in the reactant composition. The reactant compositions are 
set forth in Table V. 

[00102] The retained liquid, tightly held liquid, extractable materials and absorption 
rate for the foam compositions of Examples 19 through 26 are set forth in Table VI 
[00103] The foams of Examples 21 and 26 were acceptable as determined by all visual 
and measured properties. However, the foams of Examples 19 and 20 exhibit relatively 
poorer dimensional stability and a slower absorption rate. The foams of Examples 22-25 
were less uniform than the preferred composition of Examples 1 and 2. 

EXAMPLES 27-32 

[00104] These Examples illustrate the wide variety of hydrophilic agents that may be 
suitably employed in the reactant composition used to prepare the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table VII. 
[00105] The retained liquid, tightly held liquid, extractable materials and absorption rate 
for the foam compositions of these Examples are set forth in Table VIII. 
[00106] The foams of Examples 27-32 were all acceptable by all criteria. However, the 
tightly held liquid of Example 29 is somewhat low. 

EXAMPLES 33-37 

[00107] These Examples illustrate the addition of therapeutic agents suitable for use in 
wound dressing applications to the adjuvant of the reactant composition used to prepare 
hydrophilic foam compositions of the present invention. The reactant compositions are set 
forth in Table IX. 

[00108] The retained liquid, tightly held liquid, extractable materials and absorption rate 
for the foam compositions of these Examples are set forth in Table X. As can be seen by 
the data, all the foams of Examples 33-37 were acceptable. 
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EXAMPLES 38-47 

[00109] These Examples illustrate the addition of cosmetic agents suitable for use in the 
hydrophilic foam compositions of the present invention. The reactant compositions are set 
forth in Table XI. 

[00110] In Examples 43-47 the water needed for the foaming reaction was provided by 
the water contained by the cosmetic. The surfactant was also included in the cosmetic. 
[00111] The retained liquid, tightly held liquid, extractable materials and absorption rate 
for the foam compositions of these Examples are set forth in Table XII. 
[00112] The foams of Examples 41 and 47 were less hydrophilic than desired as can be 
seen by their high absorption rates. The foams of all the other Examples were satisfactory. 
The foams of Examples 43-46 were especially soft and uniform with distinct cosmetic odor. 

EXAMPLES 48-57 

[00113] These Examples illustrate the wide variety of combinations of isocyanate 

prepolymer, hydrophilic agent, adjuvant and wetting agent that may be used to form a 
hydrophilic foam composition in accordance with the present invention. The composition of 
the reactant compositions used are set forth in Table XIII. 

[00114] The retained liquid, tightly held liquid, extractable materials and absorption 
rate for the foam compositions of these Examples are set forth in Table XIV. 
[00115] The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of 
Examples 51 through 54 were more porous than desired, although the liquid retention and 
extractability were good. The amount of extractable material for the foam of Example 49 
was somewhat low. 

EXAMPLES 58-60 

[00116] Hydrophilic foams similar to Example 1 were prepared, with silver added 
thereto. The foam of Example 58 included 5% silver by weight, based on the total weight 
of the finished foam product (as a powder having a particle size of from 7 to 15 
micrometers.) The foam of Example 59 included 0.2% silver by weight (as a powder 
having a particle size of from 20 to 60 nanometers). The foam of Example 60 included 
0.0005% silver by weight (as a colloidal silver suspension in water having an average 
particle size of 1 .4 nanometers.) 

[00117] The foams of Examples 58-60 were acceptable as determined by visual and 
measured properties. The foams of Examples 58-60 were tested for antimicrobial 
effectiveness in vitro using the methods and organisms described below. 
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A. Kirby-Bauer Antimicrobial Susceptibility Method. 

[00118] This method provides a qualitative assessment of inhibition of multiplication of 
microorganisms in contact with a material. A broth culture of selected organisms is 
inoculated on the surface of an agar plate in three different directions. The test sample is 
then centered on the agar surface. After incubation for approx. 20 hours at approx. 37°C, 
the agar plate is inspected for growth-free zones. 

B. AATCC Test Method 1 00, Modified 

[00119] This method provides quantitative measurement of the kill of microbes that are 
on or in a material. Microorganisms of a known type are placed on the material, and 
allowed to remain for 1 to 24 hours at approx. 37°C . The organisms are subsequently 
washed from the sample. Dilution and plate counts before and after determine the reduction 
on number of organisms, and thus the effectiveness of the dressing. 

C. Dow Corning Test Method 0923, Dynamic Test of Surfaces (Dow Shake) 
[00120] This method provides quantitative measurement of the kill of microbes that 
come into contact with a material. A sample of the material is placed in a flask with fluid 
containing selected microorganism species. The flask is shaken for 1 to 24 hours at approx. 
37°C to allow fluid to flow over the sample. Dilutions and plate counts before and after 
shaking, and compared to controls, determine the reduction on the number of organisms, 
and thus effectiveness. 

[00121] Using the Dow Shake test with organism K. pneumoniae ATCC 4352 for 24 
hours, the material of Example 60 killed >99% of the organisms. Using the Dow Shake test 
with organism P. aeruginosa ATCC 9027 for 1 hour, the material of Example 58 killed 86% 
of the organisms. 

[00122] Using the Kirby-Bauer test with organisms P. aeruginsoa ATCC 9027 and S. 
aureus ATCC 6538, the material of Example 59 had no growth under the sample. Using the 
Method 100 test with organisms P. aeruginsoa ATCC 9027, S. aureus ATCC 6538, and C. 
albicans ATCC 10231 for 24 hours, the material of Example 59 killed >99% of the 
organisms. Using the Dow Shake test with organisms P. aeruginsoa ATCC 9027, S. aureus 
ATCC 6538, S. aureus ATCC 33591, E. faecalis ATCC 51576, and K. pneumoniae ATCC 
4352 for 24 hours, the material of Example 59 killed >99% of the organisms. 
[00123] All references, including publications, patent applications, and patents, cited 
herein are hereby incorporated by reference to the same extent as if each reference were 
individually and specifically indicated to be incorporated by reference and were set forth in 
its entirety herein. 
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[00124] The use of the terms "a" and "an" and "the" and similar referents in the context 
of describing the invention (especially in the context of the following claims) are to be 
construed to cover both the singular and the plural, unless otherwise indicated herein or 
clearly contradicted by context. The terms "comprising," "having," "including," and 
"containing" are to be construed as open-ended terms (i.e., meaning "including, but not 
limited to,") unless otherwise noted. Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring individually to each separate value 
falling within the range, unless otherwise indicated herein, and each separate value is 
incorporated into the specification as if it were individually recited herein. All methods 
described herein can be performed in any suitable order unless otherwise indicated herein or 
otherwise clearly contradicted by context. The use of any and all examples, or exemplary 
language (e.g., "such as") provided herein, is intended merely to better illuminate the 
invention and does not pose a limitation on the scope of the invention unless otherwise 
claimed. No language in the specification should be construed as indicating any non- 
claimed element as essential to the practice of the invention. 

[00125] Preferred embodiments of this invention are described herein, including the best 
mode known to the inventors for carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary skill in the art upon reading the 
foregoing description. The inventors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for the invention to be practiced otherwise than as 
specifically described herein. Accordingly, this invention includes all modifications and 
equivalents of the subject matter recited in the claims appended hereto as permitted by 
applicable law. Moreover, any combination of the above-described elements in all possible 
variations thereof is encompassed by the invention unless otherwise indicated herein or 
otherwise clearly contradicted by context. 
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What is claimed is: 



1 . A hydrophilic foam composition comprising the in situ reaction product of: 
a) an isocyanate-capped polyether prepolymer, b) a poly meric hydrophilic agent 
capable of absorbing water, c) silver metal, d) a wetting agent, and e) water, wherein the 
silver metal is provided in the form of particulates and is dispersed within the foam 
composition. 

2. The hydrophilic foam according to claim 1, wherein said hydrophilic foam 
composition further comprises an adjuvant, the foam releasably carrying said adjuvant so 
that said foam composition is capable of absorbing an external liquid and tightly carrying 
said liquid in preference to at least a portion of said adjuvant so that said adjuvant is 
released in the presence of the external liquid. 

3. The hydrophilic foam according to claim 2, wherein the adjuvant comprises 
an alcohol selected from the group consisting of water soluble monols, diols and polyhydric 
alcohols. 

4. The hydrophilic foam composition of claim 1 wherein said prepolymer is a 
member selected from the group consisting of isocyanate-capped polyether polyols having 
an isocyanate equivalent weight of from about 0.5 meq/g to about 3.0 meq/g and mixtures 
thereof. 

5. The hydrophilic foam composition of claim 1 wherein said prepolymer is 
present in an amount of from about 20 wt. % to about 60 wt. % of the total reactant 
composition. 

6. The hydrophilic foam composition of claim 1 wherein said prepolymer is 
present in an amount of from about 45 to about 50 wt. % of the total reactant composition. 

7. The hydrophilic foam composition of claim 1 wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least 
about 50 ml of water per gram of said polymer. 

8. The hydrophilic foam composition of claim 1 wherein said hydrophilic agent 
is an absorptive polymer having a fluid uptake of at least about 100 ml of water per gram of 
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said polymer. 

9. The hydrophilic foam composition of claim 1 wherein said hydrophilic agent 
is an absorptive polymer having a fluid uptake of at least about 150 ml of water per gram of 
said polymer. 

10. The hydrophilic foam composition of claim 1 wherein said hydrophilic agent 
is a member selected from the group consisting of starch grafted copolymers of acrylate 
salts, starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

1 1 . The hydrophilic foam composition of claim 1 wherein said hydrophilic agent 
is present in an amount sufficient to provide a foam composition capable of absorbing at 
least about 3 times its weight of liquid. 

12. The hydrophilic foam composition of claim 1 1 wherein said hydrophilic 
agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

13. The hydrophilic foam composition of claim 12 wherein said foam 
composition is capable of tightly carrying at least about 3 times its weight of liquid. 

14. The hydrophilic foam composition of claim 1 3 wherein said foam 
composition is capable of tightly carrying at least about 3 times its weight of liquid. 

15. The hydrophilic foam composition of claim 3 wherein said alcohol is a 

monol. 

16. The hydrophilic foam composition of claim 3 wherein said alcohol is a diol. 

17. The hydrophilic foam composition of claim 3 wherein said alcohol is a 
polyhydric alcohol. 

18. The hydrophilic foam composition of claim 3 wherein said alcohol is a 
member selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, 
polyethylene glycol, polypropylene glycol, glycerin, l,2,4butanetriol, trimethylolpropane, 
sorbitol, pentaerythritol, and mixtures thereof. 
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19. The hydrophilic foam composition of claim 1 8 wherein said alcohol is 
glycerin. 

20. The hydrophilic foam composition of claim 3 wherein said alcohol is present 
in an amount of from about 5% to about 30% by weight of the reactant composition. 

21 . The hydrophilic foam composition of claim 1 wherein said prepolymer, said 
hydrophilic agent and said adjuvant are present in the reactant composition such that the 
ratio of prepolymer to hydrophilic agent is in the range of from about 20: 1 to about 20: 10 
and the ratio of prepolymer to adjuvant is in the range of from about 20:2 to about 20:30. 

22. A hydrophilic foam composition comprising the in situ reaction product of : 
a) an isocyanate-capped polyether prepolymer, wherein said prepolymer is a member 
selected from the group consisting of isocyanate-capped polyether polyols having an 
isocyanate equivalent weight of from about 0.5 meq/g to about 3.0 meq/g, b) a hydrophilic 
agent capable of absorbing water, said hydrophilic agent being a member selected from the 
group consisting of starch grafted copolymers of acrylate salts, starch grafted copolymers of 
acrylamide salts, polyacrylate salts and mixtures thereof; c) silver metal, d) a wetting agent 
selected from the group consisting of block copolymers of ethylene oxide and propylene 
oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof, and e) water, said water being a member selected from the 
group consisting of deionized water, distilled water and normal saline, wherein the silver 
metal is provided in the form of particulates and is dispersed within the foam composition . 

23 . A wound dressing comprising the hydrophilic foam of claim 1 . 

24. A wound dressing comprising the hydrophilic foam of claim 22. 

25. The hydrophilic foam composition of claim 1 , wherein the silver metal 
particles comprise a silver alloy. 

26. The hydrophilic foam composition of claim 1 , wherein the purity of the 
silver metal is at least 95 wt.%. 
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27. The hydrophilic foam composition of claim 1, wherein the silver metal is 
present at from about 0.0001 wt.% to about 10 wt.% of the foam. 

28. The hydrophilic foam composition of claim 1, wherein the particle size of the 
silver metal ranges up to about 120 microns. 

29. The hydrophilic foam composition of claim 28, wherein the particle size of 
the silver metal ranges up to about 20 microns. 

30. The hydrophilic foam composition of claim 29, wherein the particle size of 
the silver metal ranges up to about 20 microns. 

3 1 . The hydrophilic foam composition of claim 29, wherein the particle size of 
the silver metal ranges from about 1 to about 100 nm. 

32. The hydrophilic foam composition of claim 29, wherein the particle size of 
the silver metal ranges from about 5 to about 40 nm. 

33. The hydrophilic foam composition of claim 29, wherein the particle size of 
the silver metal ranges from about 5 to about 25 nm. 

34. The hydrophilic foam composition of claim 27, wherein the silver metal is 
present at from about 0.0001 wt.% to about 5 wt.% of the foam. 

35. The hydrophilic foam composition of claim 34, wherein the silver metal is 
present at from about 0.0001 wt.% to about 1 wt.% of the foam. 

36. The hydrophilic foam composition of claim 35, wherein the silver metal is 
present at from about 0.0001 wt.% to about 3 wt.% of the foam. 

37. The hydrophilic foam composition of claim 1 , wherein the particle size of the 
silver metal ranges from about 1 to about 100 nm, and wherein the silver metal is present at 
from about 0.0001 wt.% to about 5 wt.% of the foam. 
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38. The hydrophilic foam composition of claim 22, wherein the particle size of 
the silver metal ranges from about 1 to about 100 nm, and wherein the silver metal is 
present at from about 0.0001 wt.% to about 5 wt.% of the foam. 

39. The wound dressing of claim 23, wherein the particle size of the silver metal 
ranges from about 1 to about 100 nm, and wherein the silver metal is present at from about 
0.0001 wt.% to about 5 wt.% of the foam. 

40. The hydrophilic foam claim 1 , wherein the particle size of the silver metal 
ranges from about 5 to about 40 nm, and wherein the silver metal is present at from about 
0.0001 wt.% to about 1 wt.% of the foam. 

41 . The hydrophilic foam claim 22, wherein the particle size of the silver metal 
ranges from about 5 to about 40 nm, and wherein the silver metal is present at from about 
0.0001 wt.% to about 1 wt.% of the foam. 

42. The wound dressing of claim 23 , wherein the particle size of the silver metal 
ranges from about 5 to about 40 nm, and wherein the silver metal is present at from about 
0.0001 wt.% to about 1 wt.% of the foam. 

43 . The hydrophilic foam composition of claim 2, wherein the particle size of the 
silver metal ranges from about 1 to about 100 nm, and wherein the silver metal is present at 
from about 0.01 wt.% to about 20 wt.% of the foam. 

44. The hydrophilic foam composition of claim 1 8, wherein the particle size of 
the silver metal ranges from about 1 to about 100 nm, and wherein the silver metal is 
present at from about 0.01 wt.% to about 20 wt.% of the foam. 

45. The hydrophilic foam composition of claim 21, wherein the particle size of 
the silver metal ranges from about 1 to about 100 nm, and wherein the silver metal is 
present at from about 0.01 wt.% to about 20 wt.% of the foam. 
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